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Mathematical and Physical Papers. 

THE INTRRPRETATION OF INDICATOR DIAGRAMS. 
By CHARLES I. CORP, Lawrence. 

T HE important and essential knowledge to be derived from a 
careful investigation and study of indicator diagrams is in- 

valuable to the engineer, as they enable him easily to ascertain 
and establish various facts concerning the use of steam that by 
any other method would prove complicated and unsatisfactory, of 
which the following may be stated: 

First. It shows whether the valves of an engine are correctly 
and evenly timed, and also serves as a guide in all necessary ad- 
justments of the same that may be required, in order to insure the 
best distribution of the steam working within the cylinder, and 
thereby securing the maximum economy and efficiency of the en- 
gine. 

Second. The indicator power developed in the cylinder of an 
engine may be determined; also the quantity of energy lost in va- 
rious ways; such as leakage of valves, back pressure, too early re- 
lease, and incorrect adjustment of valves. 

Third. It indicates whether the steam-ports and passages are 
adequate in size, and a diagram taken from the steam-chest will 
also show whether the steam-pipe and its connections are of 
sufficient size. 

Fourth. It indicates the condition of the valves and piston in 
reference to the leakage. 

Fifth. In connection with a feed-water test (showing the ac- 
tual amount of steam consumed), the economy with which the 
engine works may be determined. 

To ascertain with accuracy each and every item of infor- 
mation mentioned above, it is absolutely essential that the diagram 
should truly represent the position of the piston, and also the pres- 
sure exerted on both sides of it, at every point of its stroke. 

The general features of a diagram that indicate a proper distri- 
bution of the steam in an engine cylinder is represented by dia- 
gram, the attainment of which (as near as possible) should be the 
endeavor of an engineer in setting the valves of his engine. AA 
is the atmospheric line and BB represents the boiler pressure. 

239 



Kansas Academy of Science. 

B B 

A A 
In this diagram the initial steam pressnre, which is the highest 

pressure realized in the cylinder, is fully maintained up to the 
commencement of cut-off; indicating ample size of steam-pipes, 
ports and other passages in the engine. 

The expansion curve is good, and the release of the steam is 
sufficiently early to secure a free exhaust, also low and uniform 
back pressure. 

The exhaust valve closes on the return stroke, in time to provide 
the necessary compression (or cushion), and thereby counteracting 
in part the effects of inertia and momentum of the piston, cross- 
head, and other reciprocating parts, at the end of the stroke. 

The admission of steam takes place promptly, and projects the 
admission line to initial pressure at right angles (or perpendicular) 
to the atmosphere line. These qualities in a diagram are an 
especial requisite under any circumstances, to insure an economical 
working engine. 

In practice, however, there will be a great difference in the out- 
line and appearance of the cards from the different engines, and 
even from the same engine, arising from numerous circumstances 
and conditions connected with it. 

The diagram, as before stated, simply shows the pressure of 
steam existing in the cylinder at each part of the revolution of the 
engine, and it is the province of the engineer to determine whether 
these pressures at each and every point are the correct ones, and, 
if such is not the case, to ascertain wherein the fault lies that causes 
the error; then determine upon and apply the remedy. 

It must be understood that, in a great majority of cases, the 
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shape or outline of the diagram depends principally upon the man- 
ner in which the steam is admitted to and released from the engine 
cylinder. 

Therefore, by careful investigation and measurement of these 
outlines, and turning the varied information which they furnish to 
practical advantage, the real value of the indicator is readily made 
apparent. 

As a preliminary to the study of the diagram, suppose we knew 
that, at a certain part of the stroke, the full boiler pressure should 
be realized; now, if this does not appear to be the case on the dia- 
gram, there is evidently imperfections existing, either from an in- 
correct adjustment of the valves, or maybe due to inadequate 
capacity of the steam-pipes and passages between the boiler and 
the engine cylinder; and almost invariably happens also with en- 
gines having insufficient or extremely light loads. 

Again, the diagram may show too great a pressure at other cer- 
tain points, when we know there should be less, in order that 
the demands for economy and efficiency in the engine be obtained. 
This latter circumstance may also proceed partly from incorrect 
valve adjustment, although it is principally caused by leakage 
through the admission valves after cut-off; in combination with 
the revaporation of steam previously condensed within the cylin- 
der in the early part of the stroke. 

Any derangement of valve mechanism of the engine, such as 
incorrect position of the eccentric on the shaft, or an uneven ad- 
justment in the length of the valve-rods in connections, will in 
consequence be revealed in the diagram by late admission or re- 
lease, by low initial or high back pressure, also by absence of 
compression; either of which, in performing an equal amount of 
work, will result in an increased consumption of steam. 

Consequently, where discrepancies of any kind occur, a thorough 
investigation, study and reasoning of the diagram first become 
necessary, in order intelligently to locate the cause of the defect, 
and make changes and corrections accordingly, until the diagram 
shows a proper distribution of steam pressure throughout the 
stroke of the engine. 

In this paper we shall deal only with the interpretation of ir- 
regularities in the lines of the card itself, and what these irregulari- 
ties indicate. 

An indicator diagram is the result of two movements which are 
at right angles to each other, one of which is the rotation of the 
paper drum forward and back around its central stud, and is pro- 

-16 
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duced on a reduced scale coincident with and by the movement of 
the engine cross-head, and thereby tracing a horizontal line on the 

paper drum at any time a contact is made between the drum and 

pencil. The other is the vertical movement of the pencil parallel 
to the axis of the drum, and is produced by the steam pressure act- 

ing on the piston of the indicator and forcing it to a height propor- 
tionate to the pressure upon the piston. Consequently, the length 
of the diagram represents the stroke of the engine on a reduced 
scale, while the vertical height at any point represents the pressure 
upon the indicator piston at a corresponding point in the stroke of 
the engine. 

We will first study some distortions of the card from the ideal 
form due to faults of the indicator or its connections. 

Should the reducing mechanism used not produce the exact 

piston motion reduced, or have lost motion in any of its parts, the 
card will not give a true record of what takes place. This might 
easily mislead one regarding what actually took place; so that it is 
essential our reducing mechanism be an accurate one and in good 
order. 

If the steam passages from the cylinder to the indicator are not 
ample the card will be reduced in height, the initial pressures 
falling further than we would expect below the boiler pressure. A 

diagram taken from the steam-chest will usually locate this trouble. 
Waves in a line of the card are caused by the inertia of the in- 

dicator parts when the pressure on its piston is suddenly changed. 
These waves become more marked as the speed of the engine in- 
creases, and at high speed cause the card to be much distorted. 
The distortion from this cause is also increased when the indicator 

spring used is too weak for the pressure. A spring should be used 
which will reduce this effect as much as possible without causing 
the card to be too low to indicate accurately engine faults. 

The lines indicating rising or falling pressure will sometimes 
have steps in them. This is caused by the indicator mechanism 

sticking, usually by the piston becoming gummed up and sticking 
in its drum or cylinder. 

A wave in a line of the card sometimes appears where we would 
not expect it from the indicator's inertia or other expected deform- 

ing forces, and this can usually be traced to the cord leading from 
the reducing mechanism rubbing or striking against some object. 

The card from extremity to extremity should be as long as the 
atmospheric line, any difference in this respect showing unequal 
tension of the cord. Unequal pressure of the pencil against the 
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paper or stretching of the cord may cause this. The pencil should 
be well sharpened and held lightly against the drum, and fire wire 
substituted for long lengths of cord to remedy this. A good braided 
cord should be used, as they do not stretch as much as others. 

The deviations of the cord from the perfect card explained so 
far have been due to faults in the mechanism for taking the card. 
We will now take up some departures that indicate faults in the 
engine itself, beginning with the admission line and going around 
the card in the order in which the events occur. 

The admission line for a properly designed and regulated engine 
should start from a point one-third to two-thirds the distance up 

-from the bottom or back-pressure line of the card and rise perpen- 
dicularly to nearly the boiler-pressure line. It is probably better 
with some types of engines if this line slopes out a little. Should 
the line slope too much outwardly, it indicates that this event is 
too early, and steam is therefore being admitted too much before 
the end of the stroke has been reached, and will be working against 
the steam in the other end of the cylinder. If the line, on the other 
hand, slopes inward from the perpendicular the valve is not open- 
ing soon enough, and the piston has started on its return stroke 
before the steam is admitted. If the admission line rises to the 
proper height and falls below a horizontal position before reaching 
cut-off, the passages leading from the boiler to the engine are in- 
sufficient at some point. Either the pipe-line or the engine-ports 
or steam passages do not admit enough steam. A diagram taken 
from the steam-chest will show whether the trouble lies in the 
steam line or the engine. 

If in the steam line, the steam-chest pressure will drop as the, 
piston travels outwardly on its stroke. At cut-off the line should 
round with a short bend into the expansion line; failure to do this 
shows too slow a closing of the valve at cut-off or a leaky valve. 
If a leaky valve is the cause, it can be told by the expansion curve. 

In an unjacketed cylinder, we would expect the expansion line 
of the steam to be adiabatic. In the actual engine, however 
(jacketed usually with some non-contracting material), where 
the cylinder walls furnish some heat during the expansion and en- 
trained and condensed water is evaporated during the latter part 
of expansion, the line is found to approach very near to the iso- 
thermal expansion curve. By drawing this curve in, then, we can 
determine whether the expansion took place as it should. An ex- 
pansion curve which is too high shows that steam entered the 
cylinder after cut-off, and that the valve must leak. A leaky valve 
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will be less noticeable in the earlier part of expansion because the 
difference in pressure is slight, but will become more and more ap- 
parent on the expansion line as the pressure becomes more unbal- 
anced in the latter part of the stroke. The presence of entrained 
moisture will also cause the terminal pressure to be high to some 
extent. 

A leaky piston or exhaust valve, on the other hand, will give too 
low an expansion curve. 

When release occurs too early the expansion line will drop sud- 
denly before the end of the stroke is reached, to the back-pressure 
line, or very near it. Too late a release will cause the back pressure 
to be high at the beginning of the return stroke. A slow-opening 
exhaust valve will tend to slope the back-pressure line from release. 

Cramped exhaust openings will raise the back-pressure line, 
which should not be at a height equal to more than two or three 
pounds above the atmospheric line. Compression should begin at 
a point that will bring the pressure in the cylinder up to one-third 
to two-thirds the distance to the top of the card when admission 
takes place. If less than this, the compression will not overcome 
the inertia of the reciprocating parts. If the line rises too high, 
compression takes place too early, and power is lost. 
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